A new solid phase extractant silica aerogel immobilized with Cyanex 301 {bis(2,4,4trimethylpentyl) dithiophosphinic acid} (SAWC) was prepared via a sol-gel method and investigated for the extraction of Zn(II) from aqueous solution by a batch extraction technique. It is found that SAWC can extract about 100% zinc at equilibrium pH 1.7. Prepared SAWC was characterized by FT-IR, BET, EDX and SEM which proved the presence of Cyanex 301 into silica aerogel. Moreover, the material is also easily regenerated and reused in the subsequent removal of Zn(II) in five cycles. Therefore, it could be concluded that it may perform as a solid phase extractant in the extraction of metal ions from the aqueous solution.
Introduction
There is a continuous need for a new extraction technique which selectively extracts metal ions from waste water and industrial process stream. Usual techniques for metal removal are, for example, precipitation [1] , solvent extraction [2] , electrolysis [3] , and ion exchange [4] ; each one has some limitations in application. As a consequence the use of immobilized solid support is gaining popularity since it can overcome the disadvantages of conventional separation method [5] . Among all solid supports, silica aerogel has gained attention because it has defined pore geometry and high surface area, which are suitable for dense attachment of functional ligands [6] . Silica aerogel immobilized with different organic reagents such as crown ether [7] , trialkayl phosphine oxides [8] and silica-dithizone [9] were prepared and applied for metal extraction. Besides, sol-gel silica immobilized Cyanex 272 have been prepared in our laboratory [10] and used for separation of Cu(II), Ni(II), Zn(II) and Fe(II).
However, Cyanex 301, is a liquid extractant, was proved effectively in solvent extraction process [11] . This paper describes the extractability of Zn(II) from aqueous solution with prepared silica aerogel immobilized with Cyanex 301 (SAWC) through sol-gel process. Moreover, the regeneration capacity of SAWC is also investigated. Therefore, the information of this study can be used for the removal of Zn(II) from their aqueous solution as well as wastewater.
Experimental
Materials and Apparatus.Cyanex 301 and tetraethoxysilane (TEOS, 98 %) were supplied by Cytec Ind. and Sigma-Aldrich, respectively. All other chemicals used were analytical grade. A Perkin-Elmer (Model AAnalyst 700) Atomic Absorption Spectrometer (AAS) was used for the measurement of metal concentration. Micrographs and elemental analysis of SAWC were obtained by SEM and EDX (JEOL JSM -6460 LA). FT-IR spectrometer (Perkin Elmer Spectrum RX1) was used to obtain infrared spectrum.
Preparation of Silica Aerogel Immobilized with Cyanex 301(SAWC).
In a typical immobilization of Cyanex 301 into silica surface, certain amount of Cyanex 301, TEOS and ethanol were mixed at room temperature. To this solution, 0.01 M HCl and water were added. Finally 1 M ammonia solution was added as catalyst under stirring; the gel started to appear in about 2 hours. The prepared gel was then placed at room temperature for 48 hours to complete the gelation and then placed in an oven at 50 °C for 24 hours. During drying shrinkage of the gel occurred, cracked into pieces. The hard gel pieces were crushed, washed with de-ionized water, dried and then used for metal extraction study. Blank silica aerogel was prepared using same procedure but without Cyanex 301. Extraction of Zn(II) by SAWC.Extraction of metal ions from aqueous solution by SAWC was carried out using a batch process. 1 gm of SAWC was shaken with 10 mL of mix metal solution for one hour to confirm complete equilibration. After equilibration the solid particles were filtered off and metal ions concentration in the supernatant was determined by AAS. The amounts of the adsorbed metal by the SAWC were calculated by the difference. pH adjustment of aqueous solution was performed by addition of NaOH or H 2 SO 4 .To calculate the percentage of extraction, Eq. 1 was used;
Where i C and f C are the concentration of aqueous phases before and after equilibration, respectively.
Results and Discussion
Physical characterization.Micrographs by SEM for SAWC and silica aerogel without Cyanex 301 (blank silica aerogel) and SAWC after adsorption are given in Fig. 1 . A rough surface is found for SAWC (b) and blank silica aerogel (a). There are no significant difference between the surface of blank silica aerogel and SAWC whereas SAWC after adsorption (c) shows some agglomeration on the surface due to the adsorption of metal ion on the surface. The elemental analysis obtained from the EDX spectra of silica aerogel with and without immobilized Cyanex 301 is given in Table 1 . The absence of phosphorous and sulfur in blank silica aerogel and the presence of phosphorous and sulfur in SAWC confirm that Cyanex 301 is successfully immobilized into silica aerogel. Moreover, the presence of Zn in SAWC after adsorption proved this material can successfully adsorb metal ions.
FTIR spectra were used to identify functional group present in the samples. The spectrum of blank silica and SAWC (Fig. 2) shows bands at 1080 cm -1 and 3722 cm -1 , which are assigned to the asymmetric stretching of Si-O-Si and Si-OH, respectively [10, 12] . Some additional bands appear for SAWC due to the incorporation of Cyanex 301 into silica. The bands at 2994 cm -1 for asymmetric and symmetric CH 2 [10] , the band around 2606 cm -1 and 670 cm -1 has been assigned to the presence of SH and P=S [13] which is a good evidence of Cyanex 301 immobilization. For after adsorption with SAWC, the band 2606 cm -1 and 1080 cm -1 were shifted to 2736 cm -1 and 1072 cm -1 , respectively, which indicated the confirmation of adsorption of zinc by SAWC. The BET surface area and pore volume of blank silica aerogel and SAWC were obtained by BET experiment and given in Table 2 . The surface area and pore volume were decreased as the immobilization of Cyanex 301 occurred in the silica aerogel. This is also a good evidence of Cyanex 301 immobilization because the small pores of silica aerogel were blocked when the surface is immobilized with Cyanex 301 [14] . The particle size of prepared SAWC was determined using Malvern particle size analyzer and found to be 125 ± 70 µm and this size of material was used in extraction study. 
Extraction study
Effect of pH.The effect of pH on the extraction of Zn (II) is shown in Fig. 3 . The extraction of Zn (II) is reached almost 100% at pH 1.7. However, the result shows that the extraction percentage of Zn (II) ion is decreased after this pH. The loss in extraction percentage at pH 3.0 can therefore be attributed to the collapse of the structure of silica [15] . Effect of Contact Time.To determine the optimum contact time for the extraction of metal ions with SAWC, extraction capacity of metal ions was studied as a function of time at pH 1.4. Figure 4 shows the equilibrium contact time on percentage of extraction of Zn(II) ion. It can be seen from the figure that the percentage of extraction was very rapid initially. About 90% of the total extraction took place within first 2 min. However, the extraction become slower with the increase of contact time until equilibrium is achieved, where equilibrium time is obtained at 10 minutes. 
Effect of Solid-Liquid Ratio
The effect of solid to liquid ratio on the extraction of Zn (II) by SAWC at pH 1 is given in Fig. 5 .
Result shows that the extraction of the metal ion increases with increasing solid-liquid ratio up to 0.03 g/ml -1 , which is 100%. Further increase of solid liquid ratio, the percentage extraction has not been changed. Therefore, the optimum solid liquid ratio is considered to be 0.03 g/ml -1 .
Regeneration and Reuse of SAWC
To make the material economically competitive, it should have the capability of reuse. In the test of reusability, the extraction-stripping process was investigated and shown in Fig. 6 . 2 M H 2 SO 4 was used for stripping the SAWC loaded with Zn(II) and then it was regenerated by washing with enough de-ionized water. It was reused for extraction through five cycles. The uptakes of Zn(II) decreases gradually with the increasing of cycles of the extraction-stripping. After five extraction cycles the uptake of Zn(II) on regenerated SAWC is found to be decreased by 2.5 %. This might be happened due to the fact that during extraction, stripping and washing process, the meager amount of immobilized Cyanex 301 in the SAWC washed out with aqueous solution. The uptake performance of regenerated SAWC indicates that it can be regenerated and reused repeatedly.
Conclusions
This study demonstrated the successful synthesis of silica aerogel and immobilization of Cyanex 301 into the silica aerogel that is used as the adsorbent for Zn (II). The extractability depends on pH of the aqueous phase and the equilibrium time is obtained at 10 minutes. For the effect of solidliquid ratio, the optimum extraction of Zn (II) was found at solid-liquid ratio of approximate 0.03 g/ml -1 . Moreover, this solid phase extractant can be easily regenerated and reused, and its extractability remains nearly unchanged after five cycles of extraction; only 2.5 % decrease is occurred. 
